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[57] ABSTRACT

In the case where information is read from a selected
memory cell, the transfer gate included in the memory
cell is turned on, and one electrode of the memory cell
capacitor is connected to one bit line of a corresponding
bit line pair. At the same time, the other electrode of the
memory cell capacitor, 1.e. the cell plate electrode is
connected to the other bit line of the corresponding bit
line pair. As a result, a change of the potentials occur at
both the bit lines of the corresponding bit line pair. This
change of the potentials acts in the different directions
between one bit line and the other bit line. Therefore,
the read potential difference appearing on the bit line

" pair becomes larger, and malfunction of the sense ampli-
fier 1s reduced, while the incidence of soft error can be
reduced. |

9 Claims, 13 Drawing Sheets
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FIG. 3
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FIG. 4(a)

B
a POTENTIAL
DECREASING

F1G. 4(b)

POTENTIAL
INCREASING

/BL -——-I——————————
C POTENTIAL
B T FIXING



U.S. Patent Apr. 12, 1994 Sheet S of 13 . 5,303,183

1 porenTIAL
tq | Te INCREASING

FI1G. 5)

Y 0 DECREASING

AT mmn
C POTENTIAL
BI FIXING



Sheet 6 of 13 5,303,183

JApr. 12, 1994

U.S. Patent

44 :%2-

14
JSNAS

\
| B
| : : m : " : | ; m : :
m m e L] ] _

VS

— ,
Y4 [41'1dRY
- dSNAS -

F—s¢/

dp YD U 11g A




U.S. Patent Apr. 12, 1994 ‘Sheet 7 of 13 5,303,183

FIG. 7
/RAS
Add (RA N
CPPR ™ ,\\

BLPR




5,303,183

llllllllllll

Sheet 8 of 13
28
&
S
\ &
[ Mgllii:lill“ r ;

wnraw L L e
3 ASNES ﬁ
=) 4 14/
H. OIA) N VS N M) _
< Jdp 4ddD 44 4 ¥ddo Idp
8 O14

U.S. Patent



Sheet 9 of 13 5,303,183

Apr. 12, 1994

U.S. Patent

s ¢

AVHYY 1130 AHOW3NW - —ﬁzommwnm_
. an

14 . _/8
14/ L\Nc
-Him_b..u“-

)
- " 10
S
w] ™Y N 257
4430044 AOY E o TAd
L uyD-0OvO
Q

!

4l s¢/ S¢ O _
444404 434404
N33 A0D ocmaay #od | | ssmuaav nw00
01 G - g -
e SVY/ Z7vo-vd FSVY/

! SSANAQV AAXTILTON
4V 014 6 O 1.



----------------

w S .\:8

___ln_ il

5,303,183
|
|
|
|
|
|
|
|

llllllllllll

e 14D

1 ------------ sedb

=

= | L1 N\| it

vy

m . |

Z P | Y30003d
: , NN 100

<

=

i

o3

vy

3

-«

& h o ~
. QD
4343003d MOY 4010 TAS ) 01/

Ly 40Idd O T O 1 d

U.S. Patent



U.S. Patent Apr. 12, 1994 Sheet 11 of 13 ‘ 5,303,183

FIG., 11 PRIOR ART
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FIG. 12 PRIOR ART
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FIG. 13 PRIOR ART
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1
SEMICONDUCTOR MEMORY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to semiconductor mem-
ory devices, and more particularly, to a semiconductor
memory device in which read information 1s detected
by amplifying the potential difference appearing in each
bit line pair.

2. Description of the Background Art

FIG. 9 is a block diagram showing the whole struc-
ture of a conventional general dynamic random access
memory (hereinafter referred to as DRAM). In the
diagram, signal input terminals 2, 3 and 4 are provided
on the periphery of a semiconductor chip 1. A row
address signal RA and a column address signal CA are
supplied as inputs from signal input terminal 2 in a time
sharing manner. A row address strobe signal /RAS is
supplied as an input from signal input terminal 3. A
column address strobe signal /CAS is supplied as an
input from signal input terminal 4. A row address buffer
5 fetches the row address signal, supplied as an input, in
synchronism with the row address strobe signal /RAS,
and holds the row address signal. A column address
buffer 6 fetches the column address signal, supplied as
an input, in synchronism with the column address
strobe signal /CAS and holds the column address sig-
nal. The row address signal RAO - RAn held in row
address buffer § is supplied to a row address decoder
RD. The row decoder RD decodes the supplied row
address signal RAO - RAn and selectively drive a word
line in a memory cell array MCA. The least significant
bit signal RAO of the row address signal RA0O - RAn 1s
supplied to a selector circuit 7. The selector circuit 7 1s
responsive 10 the least significant bit signal RAO and
selectively drives either of the dummy word lines
DWLe and DWLo. These dummy word lines DWLe
and DWLo are connected to the memory cell array
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MCA. A plurality of bit line pairs BL, /BL are pro- 40

vided, crossing a plurality of word lines, in the memory
cell array MCA. A sense amplifier SA, for example, of
the structure as shown in FIG. 11 is provided to each bit
line pair. Moreover, each bit line pair BL, /BL 1is con-
nected, through transfer gates Q1, Q2 each imple-
mented with a N channel MOS transistor, to a data
input/output line pair 10, /I0O. On the other hand, the
column address signal CA0O - CAn held in column ad-
dress buffer 6 are supplied to a column decoder CD.
The column decoder CD decodes the supplied column
address signal CAO - CAn and selectively turns on a
transfer gate pair of the plurality of transfer gate paifs
Q1, Q2. The data input/output line pair 10, /10 1s con-
nected to an 10 buffer 8. The 10 buffer 8 is connected
to a data input/output terminal 9 provided on the pe-
riphery of semiconductor chip 1. More specifically, 10
buffer 8 performs inputting/outputting of data between
data input/output terminal 9 and the data input/output
line pair 10, /I0. |

Moreover, the row address strobe signal /RAS and
the column address strobe signal /CAS which are input
to signal input terminals 3, 4 are supplied to a clock
generating circuit 10. The clock generating circuit 10 is
responsive to the supplied row address strobe signal
/RAS and column address strobe signal /CAS to output
clock signals BLPR, ¢s and /¢s. The clock signal
BLPR is supplied to the memory cell array MCA. The
clock signals ¢s, /¢s are supplied to the gates of transis-
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tors 11, 12 which cause the sense amplifiers SA to
change in the active state.

FIG. 10 is a circuit diagram showing in more detail
the memory cell array and its peripheral circuits ex-
tracted from the conventional DRAM shown in FIG. 9.
In FIG. 10, a plurality of bit line pairs BL, /BL are
arranged, crossing a plurality of word lines WL in the
memory cell array MCA. Memory cells MC are con-
nected to the crossings of each bit line pair BL, /BL and
each word line WL. Each memory cell MC includes a
transfer gate TG implemented with a N channel MOS
transistor and a memory cell capacitor Cs in which
information of a high level or “H”, or low level or “L”
is stored as a charge. A voltage Vcp is applied from a
common power source (not shown), through a cell plate
line CPL, to one electrode (cell plate electrode) of the
memory cell capacitor Cs of each memory cell MC.
Moreover, dummy word lines DWL0, DWL1 are ar-
ranged, crossing the bit line pairs BL, /BL. A dummy
cell DCO is provided at the crossing of the dummy
word line DWLO0 and each bit line BL, and a dummy
cell DC1 is provided at the crossing of the dummy
word line DWL1 and each bit line /BL. Each of the
dummy cells DC0 and DC1 has the same structure as
that of the memory cells MC and holds the intermediate
voltage between the supply voltage Vcc and the ground
voltage.

Furthermore, a sense amplifier SA i1s connected to
each bit line pair BL, /BL. The plurality of word hines
WL are connected to a row decoder RD. The dummy
word lines DW1L0, DWL1 are connected to a selector
circuit 7. The bit line pairs BL., /BL are connected,
through the transfer gates Q1, Q2 each implemented
with a N channel MOS transistor, to the data input/out-
put line pair 10, /10. The gates of the transfer gates Q1,
Q2 are connected to the column decoder CD.

Furthermore, each bit line BL is connected, through
a transfer gate Tgpl implemented with a N channel
MOS transistor, to a precharge line 13. Each bit line
/BL is connected, through a transfer gate Tgp2 imple-
mented with a N channel MOS transistor, to a pre-
charge line 13. A precharge voltage of Vcc/2 1s applied
to precharge line 13. A clock signal BLPR 1s applied
from the clock generating circuit 10 shown in F1G. 9 to
the gate of each of the transfer gates Tgpl, TEgp2.

When data is read, a word line WL 1s selected by the
row decoder RD, and the potential of the word line WL
is raised to “H”. This causes the data in the memory cell
MC connected to the word line WL to be read onto the
bit line BL or /BL.. For example, when the data is read
onto the bit line BL, the potential of the dummy word
line DWL1 is raised to “H”, and the potential in the
dummy cell DCI i1s read onto the bit line /BL. This
causes the potential of the bit line /BL. to become a
reference potential Vref. On the other hand, the poten-
tial of the bit line BL becomes slightly higher or lower
than the reference potential Vref according to the read
out data. Then, the potential difference between the bit
lines BL and /BL 1s amplified by a sense amplifier SA.
Any one pair of transfer gates Q1, Q2 are turned on by
a column decoder CD, and the data on the bit line pair
BL, /BL connected to the pair of transfer gates Q1, Q2
is read onto the data input/output line pair 10, /10.

Now, the potential appearing on each bit line pair
BL, /BL during the read operation 1s considered. Let
the capacitance value of the memory cell capacitor Cs
of the memory cell MC be Cs. The charge stored in the
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memory cell MC becomes Cs-(Vcec—Vep) when data of

“H” is stored (when Vcc is written) and becomes
Cs-(—Vcp) when data of “L” is stored (when OV is
written). Moreover, a charge represented by
Cs((Vce/2)—Vcep) is stored in the dummy cells DCO
and DC1 in which a voltage of Vee/2 is written. If the
bit line pair BL, /BL is precharged to a potential of
Vcc/2 before the read operation, the charge on the bit
lines BL, /BL becomes Cp-(Vce/2), where Cpis stray
capacitance of the bit ine BL or /BL.

FI1G. 12 is a diagram showing the structure of the part
related to a bit line pair extracted from the DRAM
shown in FIG. 10. In FIG. 12, for example, in the case
where data is read from the memory cell MC to the bit
line BL, and the potential from the dummy cell DC1 is
read onto the bit line /BL, the potential VBL of the bit
line BL and the potential VBL, of the bit line /BL are
evaluated from the following equations (1) and (2).

Cg- (Vec/2) + Cs - [{(1/2) = (1/2)} Vee — Vep) = (1)

Cp-VBL + Cs- CBL

Further, in the above equation (1), the sign+of the
sign = indicates the case when Vcc is written, and the

sign — of the sign =& indicates the case when 0OV is
written.

(2)
Cg- (Vee/2) + Cs - {(Vee/2) — Vep} = Cgp- VBL' + Cs- VBL

From the above equations (1) and (2), the potential
difference AVBL (=VBL —-VBL') between the bit

10

15

20

25

30

lines BL and /BL is as shown in the following equation

(3).

AVBL=(Cs-Vec)/{2 (Cp+Cs)} 3)

Now, in accordance with rapid progress in technol-
ogy in recent years, there is a tendency for semiconduc-
tor memory devices to be increasingly miniaturized. A
higher degree of integration of semiconductor inte-
grated circuit devices makes the area of a memory cell
MC inevitably become smaller, and the capacitance
value of a memory cell capacitor Cs is reduced. How-
ever, as a conventional DRAM was constructed as
described above, if a higher degree of integration re-
duces the capacitance value of a memory cell capacitor
Cs, the read potential difference becomes smaller. As a
result, a problem has arisen that the incidence of a soft
error increases. Another problem has also arisen that 1t
causes reduction of the margin of reading and malfunc-
tion of a sense amplifier.

Therefore, a semiconductor memory device has been
conventionally proposed which can make larger the
read potential difference between a bit line pair without
making larger a memory cell capacitor. Such prior art is
described in the following.

FIG. 13 is a circuit diagram showing the structure of
a part of the memory cell array in the semiconductor
memory device shown in Patent Laying-Open No. Sho
60-164989. In the diagram, each memory cell MC be-
longing to the bit line /BL has the cell plate electrode of
respective memory capacitor Cs connected, through a
transistor 21, to the bit line /BL. Each memory cell MC
belonging to the bit line /BL has the cell plate electrode
of respective memory cell capacitor Cs connected,
through a transistor 22 to the bit line BL. The gate of
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each of the transistors 21, 22 is connected to the corre-
sponding one of the word lines, respectively.

FIG. 14 is a circuit diagram showing the structure of
a part of the memory cell array in the semiconductor
memory device shown in Patent Laying-Open No. Sho
60-239993. In the diagram, each memory cell MC be-
longing to the bit line BL has the cell plate electrode of
respective memory cell capacitor Cs connected to the
bit line /BL. Each memory cell MC belonging to the bit
line /BL has the cell plate electrode of respective mem-
ory cell capacitor Cs connected to the bit line BL.

In the semiconductor memory devices shown in
FIGS. 13 and 14, the one and the other electrodes of the
memory cell capacitor Cs of each memory cell MC are
connected to the one and the other bit lines of the corre-
sponding bit line pair, respectively. As a result, when
data is read from the memory cell MC, the potentials of
the bit lines BL and /BL change in the directions oppo-
site to each other, and the read potential difference
increases. Therefore, there is an advantage that the
incidence of soft error can be decreased, the margin of
reading is increased and a semiconductor memory de-
vice with less malfunction is obtained. |

On the contrary, the semiconductor memory devices
shown in FIGS. 13 and 14 has a problem as described in
the following.

First, since in the semiconductor memory device
shown in FIG. 13, each memory cell MC includes three
elements, there has been a problem that the area of the
memory cell becomes large and it prevents a higher
degree of integration. Besides, since the semiconductor
memory device shown in FIG. 13 has the output (hav-
ing a large potential difference) of a sense amplifier (not
shown) directly applied to the memory cell capacitor
Cs when data is rewritten in a memory cell MC after
reading data from the memory cell MC has been ended, -

there has been a problem that a high electric field 1s

applied to the memory cell capacitor Cs so that the
dielectric film of the memory cell capacitor Cs may be
broken. To solve the latter problem, it is considered to
increase the thickness of the dielectric film of the mem-
ory cell capacitor Cs; however, it causes the capaci-
tance value of the memory cell capacitor Cs to become
small and the stored charge amount in the memory cell
capacitor to be reduced. It is also considered to de-
crease the voltage applied to the memory cell capacitor
Cs by some means; however, it makes control compli-
cated.

On the other hand, in the semiconductor memory
device shown in FIG. 14, the output of the sense ampli-
fier (not shown) is also directly applied to the memory
cell capacitor Cs, so that a problem has arisen that a
high electric field is applied to the memory cell capaci-
tor Cs in the same manner as in the semiconductor
memory device shown in FIG. 13.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
semiconductor memory device having a large read
potential difference while having a small area and high
reliability.

The semiconductor memory device according to the
present invention comprises a plurality of word lines, a
plurality of bit lines crossing these word lines and ar-
ranged as complementary bit line pairs, a plurality of
memory cells arranged at respective crossings of the
word lines and the bit lines, and a plurality of cell plate
lines corresponding, respectively, to the bit line pairs.
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Each memory cell includes transfer means and a capaci-
tor for storing an information charge. The capacitor of
each memory cell has a first plate connected, through
the corresponding transfer means, to one bit line of a
corresponding bit line pair and a second plate con-
nected to the corresponding cell plate line. The semi-
conductor memory device according to the invention
further comprises first and second switches, selector
means, transfer control means and switch control
means. The first and second switches are connected
between the cell plate line and the first bit line of each
bit line pair and between the cell plate line and the
second bit line of each bit line pair, and each of the first

and second switches are common to the plurality of

memory cells connected to each bit line pair. The selec-
tor means selects a word line and a bit line correspond-
ing to a particular memory cell. Transfer control means
is responsive to the selector means to control the trans-
fer means of the particular memory cell on one of the
first and second bit lines of a selected bit line patr.
Switch control means controls the first and second
switches to connect the cell plate line to the other one
of the first and second bit lines of the selected bit line
pair.

In the present invention, the stored information of a
selected memory cell is read, through the correspond-
ing transfer means, to one of the first and second bit
lines of a selected bit line pair. Besides the first and
second switches are controlled by the switch control
means, and the cell plate line 1s connected to the other
one of the first and second bit lines of the selected bit
line pair. As a result, the respective potentials of the first
and the second bit lines of the selected bit line pair
changes in the directions opposite to each other, and the
read potential difference increases.

Furthermore, since the present invention comprises
memory cells each implemented with two elements,
transfer means and a capacitor, the area of the memory
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cell is small, and it is suitable for a higher degree of 4,

integration.

Furthermore, according to the present invention,
each cell plate line is connected, through the first or the
second switch means, to the first or the second bit line
of a corresponding bit line pair, and the first and second
switches are controlled by the switch control means.
Therefore, each cell plate line and the bit line are dis-
connected after the switch control means ends the con-
trol operation, and it is possible to prevent the high-
voltage output of the sense amplifier from being di-
rectly applied to the capacitor of each memory cell. As
a result, it is possible to prevent the dielectric film of the
memory cell capacitor from being broken by the high
voltage, and to obtain a semiconductor memory device
with high reliability.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing in detail the
structure of the main portion of the semiconductor
device according to one embodiment of the invention.

FIG. 2 is a block diagram showing the whole struc-
ture of the semiconductor memory device according to
one embodiment of the invention.
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FIG. 3 is a timing chart for explaining the operation
during information reading in the embodiment shown in
FI1G. 1 and FIG. 2.

FIG. 4(a) and 4(b) show the moving states of charge
during the read operation of an “H” state memory cell
in the embodiments of FIGS. 1 and 9 respectively.

FIG. 5(a) and 5(b) show the moving states of charge
during the read operation of an “H” state memory cell
in the embodiments of FIGS. 1 and 9 respectively.

FIG. 6 is a circuit diagram showing in detail the
structure of a main portion, of the semiconductor mem-
ory device according to another embodiment of the
invention. ‘

FIG. 7 is a timing chart for explaining the operation
during information reading in the embodiment shown in
FIG. 6.

FIG. 8 is a circuit diagram showing the structure of
the main portion of the semiconductor memory device
according to still another embodiment of the invention.

FIG. 9 is a block diagram showing the whole struc-
ture of the conventional general DRAM.

FIG. 10 is a circuit diagram showing in more detail
the structure of the memory cell array and its peripheral
portion in the conventional DRAM shown in FIG. 9.

FIG. 11 is a circuit diagram showing a general struc-
ture of the sense amplifier usable in the conventional
semiconductor memory device and in the semiconduc-
tor memory device according to an embodiment of the
invention.

FIG. 12 is a circuit diagram showing the structure of
a further portion of the conventional DRAM shown in
FIG. 10.

FI1G. 13 1s a circuit diagram showing another struc-
ture of the conventional semiconductor memory de-
vice.

FIG. 14 is a circuit diagram showing still another
structure of the conventional semiconductor memory
device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 is a block diagram showing the whole struc-
ture of the DRAM according to one embodiment of the
invention. Specifically, the embodiment shown in FIG.
2 is of the same structure as that of the conventional
DRAM shown in FIG. 9 except for the following re-
spects and, therefore, the corresponding portions are

given the same reference numerals and description of
them is omitted.

In FIG. 2, the least significant bit signal RAO of the
row address signal RAO - RAn obtained from row ad-
dress buffer 5 is supplied to a selector circuit 70. The
selector circuit 70 is responsive to the least significant
bit signal RAO to selectively drive either of control
signal lines CWLe or CWLo. The control signal lines
CWLe and CWLo are connected to a memory cell
array MCA'.

The row address strobe signal/RAS and the column
address strobe signal /CAS which are supplied as inputs
from signal input terminals 3, 4 are supplied to a clock
generating circuit 100. The clock generating circuit 100
is responsive to the supplied row address strobe signal
/RAS and the column address strobe signal /CAS to
output clock signals BLPR, CPPR, ¢s, and /¢s. The
clock signals BLPR and CPPR are supplied to the
memory cell array MCA'. The clock signals ¢s and /bs
are supplied to the gates of transistors 11, 12 changing
the sense amplifiers SA in the active state.
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FIG. 1 is a circuit diagram showing in further detail
the structure of the peripheral portion of the memory
cell array extracted from the embodiment shown in
FIG. 2 and constituting the essential features of the
invention. .

In FIG. 1, one end of each cell plate line CPL is
connected, through a transfer gate To implemented
with a N channel MOS transistor, to a bit line BL and,
through a transfer gate Te also implemented with a N
channel MOS transistor, to a bit line /BL.. The gates of
the transfer gates To and Te are connected, respec-
tively, to the control signal lines CWLo and CWLe, and
on-off control of the same is made by the selector circuit
70 shown i1n FIG. 2.

Besides, the other end of each cell plate line CPL is
connected, through a transfer gate Tgp3 implemented
with a N channel MOS transistor, to a precharge line
13. The transfer gate Tgp3 has its on-off controlled by
- clock signal CPPR from the clock generating circuit
100 shown in FIG. 2. A voltage Vpr for precharging is
apphed to precharge line 13. Moreover, the cell plate
line CPL has a stray capacitance Cc.

Furthermore, this embodiment does not require the
dummy cells which have been provided in the conven-
tional DRAM shown in FIG. 10, as clarified in FIG. 1.

FIG. 3 is a timing chart for explaining the operation

during the read operation of the embodiment shown in
FIGS. 1 and 2. With reference to FIG. 3, the operation
of the embodiment shown in FIGS. 1 and 2 is described
in the following.
- As shown in FIG. 3, when data is read, the clock
signals CPPR and BLPR have already attained “H”
level. As a result, all of the transfer gates Tgpl —TgQ3
are on, and the bit lines BL, /BL and the cell plate line
CPL are charged to a voltage Vpr. Thereafter, if the
level of the row address strobe signal /RAS becomes
the active level, i.e. “L”’, the levels of both the clock
signals CPPR and BLPR become “L” level before the
row decoder RD selectively drives the word line.

If either one of the word lines is selected by the row
decoder RD, and the potential of the word line WL
becomes “H” level, the stored information 1n each
memory cell MC connected to the word line WL is
read, respectively, to a corresponding bit line BL (or
/BL). More specifically, the transfer gate TG in the
memory cell MC turns on, movement of charge occurs
between the memory cell capacitor Cs and the stray
capacitance Cp of the bit line BL (or /BL), and the
potential of the bit line BL (or BL) changes. With the
word line WL being driven, the potential of the control
signal line CWLe (or CWLo) is raised to “H”. This
causes the transfer gate Te (or To) to turn on and the
cell plate ine CPL and the bit line BL (or BL) to be
connected, As a result, movement of charge occurs
between the memory cell capacitor Cs and the stray
capacitance Cp of the bit line /BL (or BL).

As described above, when a memory cell belonging
to the bit line BL is selected, the cell plate electrode of
the memory cell capacitor Cs 1s connected, through the
transfer gate Te, to the opposite bit line /BL. Con-
versely, when a memory cell belonging to the bit li-
ne/BL is selected, the cell plate electrode of the mem-
ory cell capacitor Cs 1s connected to the opposite bit
Iine BIL.. This causes the read potential difference be-
tween the bit line BL and /BL to be increased.

Thereafter, the potential of the control signal line
CwLe is lowered to “L”. The clock signal ¢s is raised
to “H” and the clock signal /¢s i1s lowered to “L”, and
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8
the sense amplifier is activated. This causes the potential
difference read to the bit line pair BL, /BL to be ampli-
fied by the sense amplifier SA. The subsequent opera-
tion is the same as that of the conventional DRAM
shown in FIGS. 9 and 10.

Now, the read potential difference of the bit lines BL
and /BL in the above-described case will be considered.
It is assumed that Vpr=Vcc/2, and a voltage of “H” 1s
written in the selected memory cell MC. In this case,
the following equations (4) and (5) are obtained by the
principle of conservation of charge.

4)
Cg- (Vec/2) + Cs- (Vee/2) = Cg- VBL + Cs-(VBL — VBL")

(Cp + Cc) - (Vee/2) — Cs - (Vec/2) = (5)

(Cp 4 Co)- VBL' + Cs- (VBL' — VBL)

From the above equations (4) and (5), the potential
difference AVBL between the bit ine BLL and /BL

becomes as in the following equation (6).

(6)
AVBL = (Cs - Vec)/2[{Cp - (CB + Ce)/(2Cp + Co)} + Ci]

In the above equation (6), it is seen that the factor of
the Cpin the first term of the denominator is smaller,
that is to say, the read potential difference 1s larger in
comparison with the above described equation (3). For
example, if it is assumed that Cg/Cs=10and Cp/Cc=2,
the read potential difference becomes about §7% larger
than in the conventional DRAM shown in FIGS. 9 and
10. Furthermore, in practice, if it 1s considered that the
junction capacitance of the cell plate line CPL is consid-
erably smaller than the stray capacitance Cp of the bit
line, the value of Cp/Cc seems to become much larger.

FIGS. 4 and § are schematic diagrams for explaining
the reason why the read potential difference in the
DRAM in the embodiment shown in FIGS. 1 and 2 is
larger than that in the conventional DRAM shown in
FIGS. 9 and 10. With reference to FIGS. 4 and §, the
reason why the read potential difference becomes larger
will be described in the following.

F1G. 4 shows the moving states of charge during the
read operation in the case where a voltage of “H” 1s
written in the memory cell capacitor Cs, and specifi-
cally, FIG. 4a) shows the case of the embodiment
shown 1n FIGS. 1 and 2, and FIG. 4b) shows the case
of the conventional DRAM shown in FIGS. 9 and 10.
With reference to FIG. 4(q), if the memory cell capaci-
tor Cs 1s connected, through the transfer gate TG, to
the bit line BL, a charge 4, a part of the charge +Q
stored in the memory cell capacitor Cs, moves to the
stray capacitance Cpg of the bit line BL. Consequently,
the potential of the bit line BL rises. On the other hand,
the cell plate electrode of the memory cell capacitor Cs
is connected, through the transfer gate Te, to the bit line
/BL. Therefore, a charge +q flows from the stray
capacitance Cp of the bit line /BL to the cell plate elec-
trode of the memory cell capacitor Cs in order to com-
pensate for the flow of a charge +q from the memory
cell capacitor Cs to the bit line BL. As a result, the
potential of the bit line /BL lowers. In contrast, since
the conventional DRAM has the cell plate electrode of
the memory cell capacitor Cs connected to the power
source as shown in FIG. 4(b), the potential of the bit line
/BL is fixed to the precharge potential.
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FIG. § shows the moving states of charge during the
read operation in the case where a voltage of “L” is
written in the memory cell, and specifically, FIG. §(a)
shows the case of the embodiment shown in FIGS. 1
and 2, and FIG. 8(b) shows the case of the conventional
DRAM shown in FIGS. 9 and 10. With reference to
FIG. §(a), if the memory cell capacitor Cs is connected,
through the transfer gate TG, to the bit ine BL, a part
of the charge stored in the stray capacitance Cp of the
bit line BL, +q, flows into the memory cell capacitor
Cs. This causes the potential of the bit line BL to lower.
On the other hand, the cell plate electrode of the mem-
ory cell capacitor Cs is connected, through the transfer
gate Te, to the bit line /BL.. Therefore, a charge +q
flows from the cell plate electrode of the memory cell
capacitor Cs to the stray capacitance Cp of the bit line
/BL. to keep balance with the charge +q flowing from
the bit line BL to the memory cell capacitor Cs. Conse-
quently, the potential of the bit line /BL rises. In con-
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trast, since the conventional DRAM has the cell plate of 20

the memory cell capacitor Cs connected to the power
source as shown in FIG. §(b), the potential of the bit line
/BL is fixed to the precharge potential.

As described above, in the embodiments shown 1n
FIGS. 1 and 2, as a result of connecting the cell plate
electrode of the memory cell capacitor Cs to the bit
line, which has been conventionally fixed to the refer-
ence potential when information is read from the mem-
ory cell, the potentials of the bit lines BLL and /BL are
changed in the directions opposite to each other. As a
result, the read potential difference becomes larger than
that of the conventional DRAM.

Furthermore, 1n the embodiment shown in FIGS. 1
and 2, if information is read from the memory cell MC,
the cell plate line CPL is disconnected from the bit line
before the sense amplifier SA is activated, so that the
memory cell capacitor Cs is not supplied with a high
electric field and reliability is enhanced. More specifi-
cally, since the embodiment shown in FIGS. 1 and 2 has
the cell plate lines CPL connected to the precharge line
13 after being disconnected from the bit lines, a voltage
of Vpr (=Vcc/2) is applied to the memory cell capaci-
tor Cs after activation of the sense amplifier SA.

Moreover, since the embodiment shown in FIGS. 1
and 2 has each memory cell MC implemented with two
elements, an increase in the area of the memory cell is
not caused as 1in the conventional semiconductor mem-
ory device shown in FIG. 13.
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FIG. 6 is a circuit diagram showing the structure of 5

the memory cell array and its peripheral portion in the
semiconductor memory device in another embodiment
of the invention. In the embodiment in FIG. 6, a transfer
gate G1 implemented with a N channel MOS transistor
is interposed between each bit line BL and a corre-
sponding sense amplifier SA. Besides, a transfer gate G2
implemented with N channel MOS transistor 1s inter-
posed between each bit line /BL and a corresponding
sense amplifier SA. A clock signal BL1 is supplied to
each gate of these transfer gates G1, G2. On the other
hand, in the embodiment shown in FIG. 6, each b1t line
BL is connected, through a corresponding transfer gate
TEQ1, to a corresponding cell plate line CPL. Besides,
each bit line BL is connected, through a corresponding
transfer gate Tgp2, to a corresponding cell plate line
CPL. The other parts of the structure of the embodi-
ment shown in FIG. 6 are the same as the embodiment
shown in FIG. 1, so that the same reference numerals
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are given to the corresponding parts and description
thereof is omitted. _

FIG. 7 is a timing chart for explaining the operation
of the embodiment shown in FIG. 6 during the read
operation. With reference to FIG. 7, the operation of
the embodiment shown in FIG. 6 will be explained in
the following.

In the embodiment shown in FIG. 6, after a word line
WL is selected and the read potential difference appears
on each bit line pair BL, /BL, the potential of the clock
signal BL1 is made “L”. This electrically separates each
bit line pair BL, /BL and each sense amplifier SA.
Then, the levels of the clock signals &s, /¢s are brought
to “H and “L”, respectively, and each sense amplifier
SA 1s activated.

In the embodiment shown in FIG. 6, the sense ampl-
fier SA can be activated before the bit line BL or /BL
and the cell plate line CPL are electrically disconnected
by the transfer gate To or Te. This is because the output
voltage of the sense amplifier SA is not applied to the
memory cell capacitor Cs, even if the sense amplifier
SA is activated before the bit line and the cell plate line
are disconnected, since each bit line pair BL, /BL and
the sense amplifier SA are electrically disconnected by
the transfer gates G1, G2. Therefore, in the embodi-
ment shown in FIG. 6, since it is possible to activate the
sense amplifier SA in earlier timing in comparison with
the embodiment shown in FIGS. 1, 2, high-speed read-
ing becomes possible. Besides, in the embodiment
shown in FIG. 6, the capacitance of the sense node
becomes smaller when the sense amplifier SA is acti-
vated, and this also contributes to high-speed operation.
Besides, in the embodiment shown in FIQG. 6, since the
capacitance value of one sense node and the other sense
node of the sense amplifier SA are approximately equal,
it also becomes possible to prevent malfunction of the
sense amplifier SA. |

Furthermore, in the embodiment shown in FIG. 6,
the bit lines BL, /BL. are precharged through the cell
plate line CPL. The other operation of the embodiment
shown in FIG. 6 is the same as that of the embodiment
shown in FIGS. 1, 2.

The invention is applicable not only to a semiconduc-
tor memory device of the folded bit line type but also to
a semiconductor memory device of the open bit line
type as described above. Such an embodiment is shown
in FIG. 8. |

In the embodiment shown in FIG. 8, a bit lines BL,,
/BL constituting a pair with a sense amplifier SA as the
central figure are symmetrically arranged on the right
and left sides of a sense amplifier SA. Memory cells MC
are arranged at the crossings of a bit line BL and each
word line WL and of a bit line /BL and each word line
WL, respectively. The cell plate electrode of a memory
cell capacitor Cs in each memory cell MC is connected
to the cell plate line CPL.. A transfer gate To is inter-
posed between the bit line BLL and the cell plate line
CPL, and a transfer gate To 1s interposed between the
bit line /BL and the cell plate line CPL. The bit line BL
is connected, through a transfer gate Tgpl, to a pre-
charge line 13, and the bit line /BL is connected,
through a transfer gate Tgp2, to a precharge line 13.
The cell plate line CPL has its one end connected,
through a transfer gate Tgp3a, to a precharge line 13,
and the other end connected, through a transfer gate
TEQ3b to a precharge line 13. The gate of the transfer
gate To is connected to the control signal line CWLo,

‘and the gate of the transfer gate Te is connected to a
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control signal line CWLe. A clock signal BLPR is sup-
plied to each gate of the transfer gate Tgpl and Tgp2.
A clock signal CPPR is supplied to each gate of the
transfer gate Tgp3a, Tge3b. Specifically, although
FIG. 8 shows the structure of a bit line pair, a plurality
of bit line pairs are normally arranged in parallel, and
the structure of each bit line pair is the same as that
shown in FIG. 8.

The embodiment shown in FIG. 8 is different from
the embodiment shown in FIGS. 1, 2 only in the spatial
arrangement of the bit lines BL, /BL. Therefore, in the
embodiment shown in FIG. 8, the operation is per-
formed in accordance with the timing chart shown in
FIG. 3, and the operation does not differ from that in

the embodiment shown in FIGS. 1, 2. Therefore, de-

scription of the operation in the embodiment shown in
FIG. 8 is omitted. |

As described above, according to the present inven-
tion, since when stored information in a memory cell is
read, the first plate of the memory cell capacitor is

connected to one bit line of a corresponding bit line pair

and the second plate is connected to the other bit line of
a corresponding bit hine pair, it is possible to make larger
the read potential difference without making larger the
capacitance value of the memory cell capacitor.

Moreover, since the invention enables each memory
cell to be implemented with less elements in comparison
with the conventional DRAM, the area of the memory
cell can be reduced, and it is suitable for a higher degree
of integration.

In addition, according to the invention, the output
voltage of the sense amplifier is not directly applied to
the memory cell capacitor, so that the dielectric film
can be prevented from being broken by a high voltage,
and as a result, a semiconductor memory device having
high responsibility is provided.

Although the present invention has been described
and 1llustrated in detail, it is clearly understood that the
same 1s by way of illustration and example only and 1s
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

What is claimed is:

1. A semiconductor memory device, comprising:

a plurality of word lines, and a plurality of bit lines
crossing said word lines and arranged as comple-
mentary bit line pairs,

a plurality of memory cells arranged at respective
crossings of said word lines and said bit lines,

a plurality of cell plate lines corresponding, respec-
tively, to said bit line pairs,

each said memory cell comprising a transfer means
and a capacitor for storing an information charge,
the capacitor of each memory cell having a first
plate connected, through corresponding said trans-
fer means, to one bit line of a corresponding bit line
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pair and a second plate connected to the corre-
sponding cell plate line,

first and second switches connected, respectively,

' between said cell plate line and said first bit line and
between said cell plate line and said second bit line
of each bit line pair, each of said first and second
switches being common to a plurality of memory
cells connected to each bit line pair; and

selector means for selecting a word line and a bit line
corresponding to a particular memory celi,

transfer control means responsive to said selecting
means for controlling the transfer means of the
particular memory cell on one of said first and
second bit lines of a selected bit line pair; and

switch control means for controlling said first and
second switches to connect said cell plate line to
the other one of said first and second bit lines of
said selected bit line pair.

2. The semiconductor memory device according to

claim 1 further comprising:

means for precharging each of said bit lines and each
of said cell plate lines to the same potential.

3. The semiconductor memory device according to

claim 2 further comprising:

a plurality of sense amplifier means, each provided to
each of said bit line pairs, for amplifying the poten-
tial difference between said first and second bit
lines of the corresponding bit line pairs, respec-
tively.

4. A semiconductor memory device according to

claim 3 further comprising: |

sense amplifier control means for controlling activa-
tion/inactivation of each of said sense amplifier
means.

5. A semiconductor memory device according to

claim 4, wherein

said sense amplifier control means activates each of
said sense amplifiers after said switch control
means has ended its control operation.

6. A semiconductor memory device according to

claim 4 further comprising:

means for electrically disconnecting each of said bit
lines and each of said sense amplifier means after
said switch means starts its control operation.

7. A semiconductor memory device according to

claim 6 further comprising:

said sense amplifier control means activates each of
said sense amplifier before said switch means ends
its control operation.

8. A semiconductor memory device according to

claim 1, wherein |
each of said bit hine pair has a folded bit line structure.

9. A semiconductor memory device according to

claim 1, wherein

each of said bit line pairs has an open bit line struc-

ture.
2 % =% =% =
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